The objective of this work is to examine the influence of oxalic acid formed 20 on the degradation of phenol by Fenton reagent. Oxalic acid formed at initial stage 21 within 30 min significantly suppresses the reduction of ferric ion, thus terminating 22 33 34 KEY WORD: Fenton reaction, Phenol degradation, Mineralization, Oxalic acid 35 36 3
degradation reaction. The yield of oxalic acid is dependent on the amount of ferrous 23 ion dosed since the minimal amount of oxalic acid is formed after the degradation 24 reaction terminates. Mineralization of phenol by Fenton reagent stagnates after 120 25 min under the conditions used in this study. The reason why the mineralization 26 stagnated can be assumed to be following two mechanisms other than the depletion of 27 H 2 O 2 . In the case where a small amount of ferrous ions is dosed, the reduction of ferric 28 ions is minimal by oxalic acid formed. In the case where a large amount of ferrous ions 29 is dosed, the amount of degradable organic compounds is insufficient owing to 30 preferential conversion to oxalic acid. The mineralization can be enhanced by the 31 intermittent dosing of ferrous ions, which facilitates the suppression of oxalic acid 32 formation during the degradation by Fenton reagent.
Introduction

37
Treatment of wastewater containing organic pollutants has been of great 38 concern all over the world. Advanced oxidation processes (AOPs) have great potential 39 in treating wastewater containing organic pollutants at room temperature, and a number 40 of AOPs have been proposed. Among them, Fenton oxidation, in which wastewater is 41 treated with Fenton reagent (ferrous salt + H 2 O 2 ), is an attractive oxidative process for 42 wastewater treatment because iron is a very abundant and non-toxic element and 43 hydrogen peroxide is easy to handle and environmentally safe (Andreozzi et al., 1999) . 44 Therefore, it has been adopted as the process for treating various industrial wastes 45 (Wadley and Waite, 2004; Bautista et al., 2008) . 46 In Fenton oxidation, a very active hydroxyl radical formed during reactions 47 involving Fenton reagent (Reaction (1)) attacks organic compounds, enabling these 48 compounds to be degraded through oxidation (Harber and Weiss, 1934) . 49 Fe(II) + H 2 O 2 →Fe(III) + HO· + OH - (1) 50 The regeneration of Fe(III) to Fe(II) through the reduction by H 2 O 2 or HO 2 · formed 51 from H 2 O 2 also occurs in this reaction system (Barb et al., 1951a (Barb et al., , 1951b Walling, 1975) . 52 Therefore, as long as H 2 O 2 is available, the redox cycle of iron ions is basically 53 continuous between Fe(II) and Fe(III), thus forming a hydroxyl radical. It is essential to 54 4 promote this cycle in order to degrade organic compounds efficiently. It is well known 55 that with the Fenton process, this mineralization is very likely to stagnate before it is 56 complete. Therefore, the Fenton process has been proposed primarily as a pretreatment 57 to reduce the effluent toxicity to safe levels and to improve biodegradability for further 58 biological treatment (Chamarro et al., 2001; Lopez et al., 2004) . In order to enhance the 59 degree of mineralization and thus the usefulness of the Fenton process, it is necessary to 60 analyze the intermediate products that remain in the water treated with Fenton reagent 61 and to examine the reasons why the mineralization stagnates.
62
It has been noted that the benzenediols and benzoquinones could expedite the 63 redox cycle of iron (Tamagaki et al., 1989a (Tamagaki et al., , 1989b Chen and Pignatello, 1997 In this study, we focus on the formation of organic acids, especially oxalic acid, 81 and discuss its influence on the degradation of phenol by Fenton reagent. We examine 82 the effect of the reaction conditions on the formation behavior of oxalic acid. We 83 discuss the influence of oxalic acid on the consumption of H 2 O 2 and the mineralization 84 behavior under the conditions used in this study for the view point of iron cycle. Finally, 85 we propose a method for enhancing the degree of mineralization using the same amount 86 of Fenton reagent. concentrations of ferrous ion, C Fe(II),0 , and H 2 O 2 , C H2O2,0 , in a reactor were varied from 102 0.1 to 1.5 mM and from 5 to 80 mM, respectively. Phenol was degraded by more than 95% within a few minutes under the 122 conditions performed in this study. Therefore, the TOC concentration, which is directly 123 correlated to the degree of mineralization, is examined. Figure 1 shows the change of which were all less than 0.025 g-C g-C -1 , were too low to be quantified. 
